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@ Resonant tag labels and method of making same. 



@) A firangible label which includes a plurality of 
integrally joined layers deposited successively 
on a removable carrier film. One or more of the 
layers are electrically conductive and config- 
ured to define an electrical circuit The label is 
transferrable from the carrier film onto a receiv- 
ing surface and is otherwise inseparable from 
the canrier film without attendant dismption of 
the circuit. In an aitemative embodiment the 
label includes an adhesive layer for applying the 
label to a substrate, such that the plurality of 
iritegrally joined layers including the electrical 
circuit are transferrable to the receiving surface 
and are otherwise inseparable firom the carrier 
film without destruction of the electrical circuit 
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BACKGROUND OF THE INVENTION 

The invention relates to resonant tag labels which 
are used in electronic article surveillance and identi- 
fication systems. 

Conventional electronic article surveillance sys- 
tems are utilized widely as an effective detenrenl to 
unauthorized removal of items from specified surveil- 
lance areas. In surveillance systems of this type, ar- 
ticles to be monitored are provided with resonant tag 
labels which are used to detect the presence of the ar- 
ticles as they pass through a surveillance zone. The 
surveillance zone typically comprises an electromag- 
netic field of a predetermined frequency generated in 
a controlled area. The tag label resonates at the fre- 
quency of the electromagnetic field or another prede- 
termined frequency. The resonant frequency is de- 
tected by the system and provides an alarm indicating 
the presence of the label and, therefore, the article. 
For deactivation, a strong surge current is induced in 
the resonant tag label in order to produce a short- 
circuit. 

Presently available resonant tag labels include 
conductive layers separated by a dielectric layer. 
Specifically, such labels include circuits having a di- 
electric cannier film with an inductive spiral applied to 
one side thereof, such as an appropriately configured 
metal foil, which is terminated at each end by first and 
second conductive areas. Matching conductive areas 
are applied to the opposite side of the dielectric car- 
rier film to form a capacitor, thus completing an induc- 
tive-capacitive tuned resonant circuit. The circuits 
may also be configured such that a direct electrical 
connection is provided between the conductive areas 
on both sides of the dielectric film. 

Label thickness is increased significantly by the 
reliance on relatively thick films as the dielectric me- 
dium for physically separating and supporting the 
conductive components of thie circuit. 

Thickness is further increased by the application 
of additional films or coatings to protect and stabilize 
the label. The resulting overall thickness of the labels 
makes it difficult if not impossible to effectively con- 
ceal them from detection and unauthorized removal 
by those determined to foil the surveillance system. 

With respect to identification systems, conven- 
tional methods typically involve automatic reading of 
barcodes (UPC) provided on indicia receptive labels. 
Unfortunately, a disadvantage in bar code systems in- 
cludes the need for the article to which the label is ap- 
plied and the bar code itself to be oriented such that 
the reading or detection beam can properly read the 
bar coded information. This problem can be serious if 
the objects being identified are to be sorted and the 
objects are random as to delineation and orientation. 

It is therefore an object of the present invention 
to provide a resonant tag label which is constructed 
with thin coatings so that the tag label may be dis- 



guised, for example, underlying a conventional print- 
ed label. 

It is a further object of the present invention to 
provide a resonant tag label and method for making 
5 same which utilizes a minimum of components and 
which is separable from an initial film used primarily 
during the configuration of the tag label. 

It is yet another object of the present invention to 
provide a resonant tag label which is responsive to a 
10 plurality of frequencies. 

It is an additional object of the present invention 
to provide a resonant tag label which provides proper 
electronic identification information regardless of the 
orientation of the label. 
15 It is yet another object of the present invention to 

provide a thin, frangible resonant tag label which in 
essence requires a substrate film or a substrate ob- 
ject to which it is applied in order to remain a viable 
construction. 

20 

SUMMARY OF THE INVENTION 

Accordingly, the present invention provides a 
frangible label which includes a plurality of integrally 
25 joined layers deposited successively on a removable 
carrier film. One or more of the layers are electrically 
conductive and configured to define an electrical cir- 
cuit. The label is transferrable from the carrier film 
onto a receiving surface and is otherwise inseparable 

30 from the canrier film without attendant disruption of 
the circuit. In an alternative embodiment, the label in- 
cludes an adhesive layer for applying the label to a re- 
ceiving surface, such that the plurality of integrally 
joined layers including the electrical circuit are trans- 

35 ferrable to the receiving surface and are otherwise in- 
separable from the carrier film without destruction of 
the electrical circuit. 

Through proper choice of conductive materials, 
dielectric coatings and adhesive, the resonant tag 

40 labels of the present invention can be designed such 
that a source tag package could be easily recyclable. 
This is not the case with conventional labels which 
employ films such as polyethylene and conductive 
layers such as aluminum foil. The mixture of film and 

45 foils together with the other packaging material 
makes any attempt to recycle the package much 
more difficult In addition, the easily transferable cir- 
cuits of the present invention are able to be positioned 
either In combination with an existing label or other 

50 parts of an existing package in such a manner as to 
not obstruct vital information on the package or se- 
verely alter the aesthetics of the package. Given the 
costs and the environmental restraints on packaging, 
alteration of the aesthetics is not a trivial issue. Fur- 

55 thermore, the present invention has the advantage of 
easy concealability due to the thin membrane con- 
struction, and f urthenmore, allows for incorporation in 
deformable packages or containers. 
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In accordance with an alternative embodiment of 
the present invention, there is provided a resonant tag 
label and method of making same including a first 
electrically conductive pattern applied to a first di- 
electric layer, a dielectric coating which is adhered to 
at least the first electrically conductive pattern, a sec- 
ond electrically conductive antenna pattern adhered 
to the dielectric coating, and a second dielectric layer 
which is applied to at least the second electrically con- 
ductive pattern. According to one embodiment of the 
invention, the first dielectric layer is a separable car- 
rier film and the second dielectric layer is an adhesive 
layer. The adhesive is applicable to a substrate and 
has a peel strength greater than that required to sep- 
arate the carrier film from the rest of the label struc- 
ture. 

According to another embodiment of the inven- 
tion, a third electrically conductive pattern is adhered 
to the second dielectric layer such that the second 
and third electrically conductive patterns form a sec- 
ond frequency tuned antenna circuit. In a further as- 
pect, additional electrically conductive patterns and 
dielectric coatings, respectively, are alternately ad- 
hered to the second dielectric layer in a stacked con- 
struction so as to form a plurality of additional fre- 
quency tuned antenna circuits. 

In another embodiment, similarly structured an- 
tenna circuits are constructed on portions of the first 
dielectric layer proximate to the first frequency tuned 
antenna circuit in a planar construction so as to form 
additional frequency tuned antenna circuits. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows a perspective exploded view of a 
resonant tag label In accordance with the present 
invention; 

Fig. 2 shows a cross-sectional view of a portion 
of the resonant tag label in which the antenna pat- 
terns on opposite sides of the dielectric layer are 
inductively coupled to one another; 
Fig. 3 shows a cross-sectional view of the reso- 
nant tag label In which the antenna patterns are 
in direct electrical contact with one another 
Fig. 4 shows a perspective view of an alternative 
embodiment of the resonant tag label in accor- 
dance with the present invention: 
Fig. 5 shows a perspective view of an alternative 
embodiment of the resonant tag label in accor- 
dance with the present invention in which anten- 
na circuits are provided in a stacked construc- 
tion; 

Fig. 6 shows a plane view of an alternative em- 
bodiment of the resonant tag label In accordance 
with the present invention in which antenna cir- 
cuits are provided in an adjacently disposed pla- 
nar construction; 

Figs. 7-11 show cross-sectional views of alterna- 



tive embodiments of the resonant tag label in ac- 
cordance with the present invention; and 
Figs. 12Aand 126 respectively show a perspec- 
tive view and a cross-sectional view of an alter- 
5 native embodiment of a thin film transferrable cir- 

cuit in accordance with the present Invention. 

DETAILED DESCRIPTION OF THE ILLUSTRATED 
EMBODIMENTS 

10 

With reference now to Figs. 1-3, where the thick- 
ness dimensions of label components have been ex- 
aggerated for purposes of Illustration, a resonant tag 
label 10 and process for making same is described. 

15 Initially, there is provided a carrier film 12 which 
serves as a stable base for the label structure. For ex- 
emplary purposes, the carrier film may be any one of 
the following: polypropylene with a preferred thick- 
ness of 2.0 mils, polyester with a prefenred thickness 

20 of .50 to 1 .5 mils, polyethylene with a preferred thick- 
ness of 2.5 mils, PVC with a preferred thickness be- 
tween 2.0 to 5.0 mils, or conventional paper with pre- 
ferred thickness of 1.4 to 6 mils. As will be described 
In more detail hereinafter, the carrier film either re- 

25 mains as part of the label structure and is configured 
to receive indicia, or as in the preferred embodiment, 
the carrier film is removed during adhesive applica- 
tion of the label to a substrate. 

The carrier film 12 includes a surface 14 on which 

30 the label structure is constructed. Preferably, the sur- 
face 14 is configured as a low surface energy film, 
such as polypropylene, where the intrinsic surface 
tension of the film makes it a releasable or low adhe- 
sion surface. Alternatively, the film 12 is provided 

35 with a break or release coating. The specific applica- 
tions of the resonant tag label, as well as the type of 
underlying carrier film, typically determines which 
type of breakcoat can be utilized. An example of such 
an application would be in a situation where the ther- 

40 mal transfer requ Irement is such that the breakcoat or 
transfer resin should not melt while the temperatures 
are high enough to soften the heat reactivated adhe- 
sives. Such a situation would limit the type of resins 
utilized. In addition, if a polyester canrier film is used, 

45 it is possible that a release coat on the polyester side 
against the transfer coat may be required. Similar ex- 
amples which will determine the breakcoat include 
the need for enhanced moisture vapor barrier proper- 
ties, and other environmental/product resistance re- 

50 quirements. Furthermore, It will be appreciated that 
the film 12 need not have a releasable surface, break 
coating, etc., thus accommodating permanent appli- 
cation of the subsequent layers added to the film. 
The release coatings which are prefenred to be 

55 used are silicones, either pure or silicone modified 
acrylics. An alternative would be to supply a true 
breakcoat, i.e. a coating designed to have a preferen- 
tial adhesion strength to the layers developed there- 
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on which are transferred. 

The aforementioned carrier film 12 and optional 
breakcoating are preferably both flexible. Thus, the 
components will be useful in fabrication of the reso- 
nant tag label 1 0. enabling a series of labels to be fab- 5 
heated with a continuous web process, as is well 

A first electrically conductive pattern 16, e.g. a 
plate, is applied to the surface 14. The pattern 16 is 
produced by a selective metallization process, prefer- 
ably by registered deposition of a conductive material io 
at specific locations within the format of the label. For 
example, application of conductive inks or electrode- 
less metallic deposition. Conductive ink coatings re- 
sult in the range of .05 to .5 mil, while electrodeless 
depositions range from .001 to .1 mil. It will be appre- is 
dated by those of skill in the art that any of the con- 
ductive patterns described herein can be metallic or 
conductive non-metals, such as carbon or silicon 
based conductors. 

Another exemplary process for applying the con- 20 
ductive pattern is by vacuum deposition of metals 
such as aluminum orsilver, which is carried out in con- 
junction with a continuous mask band having register 
holes that allow the vaporized metal to pass through 
and condense on the web of canrier film. An alterna- 25 
tive method of creating the conductive pattern in- 
cludes the metallization of the entire carrier film sur- 
face area, and a subsequent subjection of the carrier 
film to a selective demetallization process to achieve 
the desired pattern. It will be appreciated that vacuum 30 
metallized deposits are on the order of 3.0x1 0^ mil to 
6.0x10_3 mil, or approximately 75 to 1500A. in thick- 
ness. 

A further method of producing a conductive pat- 
tern involves applying a continuous conductive layer, 35 
and thereafter chemically etching, laser cutting or arc 
cutting the desired pattern. The continuous conduc- 
tive layer is derived from vacuum metallization depos- 
its, sputter depositions (25 to 1200A), plasma depos- 
itions (50 to 1 0.OOOA), or conventional metallic trans- ^ 
ferring techniques. 

A dielectric coating 18 is next applied to at least 
the first conductive pattern 16. The dielectric coating 
1 8 can overlap the conductive pattern onto the carrier 
film 12 depending on the desired overall size of the ^5 
resonant tag label 1 0. A preferred method of providing 
the dielectric coating is a selective printing of the di- 
electric material onto specified areas. The dielectric 
material can consist of any number of conventionally 
available polymeric materials, such as acrylics, poly- so 
ester, polyurethanes, silicones, etc. The preferred 
range of thickness for this coating is 0.025 to 1 .2 mils. 

A second conductive pattern, which includes a 
conductor plate 20 and a spiral antenna pattern 21. is 
applied to the dielectric coating. The conductive pat- 55 
terns 16 and 20 together with the spiral antenna pat- 
tern 21 form an inductive tuned capacitance circuit 



which resonates at a desired frequency. The conduc- 
tor 20 and spiral pattern 21 are produced on the di- 
electric coating 18 in accordance with similar proc- 
esses as described with respect to the first conductor 
16. 

According to alternative embodiments of the 
present invention, the first and second conductors 1 6, 
20 are either inductively coupled through the dielec- 
tric coating 18, or the dielectric 18 is configured with 
a gap or through-hole 19, which accommodates direct 
electrical contact between the conductors. 

With reference now to Fig. 4, an alternative en> 
bodiment of the resonant tag label 30 is shown as in- 
cluding a canrier film 12 and breakcoat 14 having two 
conductive plates 16a, 16b, or a continuous single 
conductor, applied thereto. The dielectric coating 18 
is then applied to at least the conductive plates 16a, 
16b, and on the opposite side thereof, an conductive 
pattern which includes conductive plates 20a, 20b 
and spiral antenna pattern 21 are applied to create an 
inductive capacitance circuit. This configuration Is an 
alternative method to create the proper capacitance 
to deliver the desired resonant frequency. 

Referring back now to Figs. 1-3, an adhesive lay- 
er 22 is applied to at least the second conductive an- 
tenna pattern. The adhesive layer is a conventional 
pressure sensitive or heat activated adhesive layer 
having a preferred thickness of 0.1 to 1.0 mil. The ad- 
hesive is utilized to bond the resonant tag label 10 to 
the particular substrate to which the label is to be at- 
tached. A dielectric coating can also be applied alone 
or in conjunction with the adhesive layer 22, which in 
effect also serves as a dielectric. 

It will be appreciated by those of skill in the art 
that an alternative form of the above mentioned res- 
onant tag label is constructed initially beginning with 
a dielectric coating rather than the carrier film 12, 
which in effect also serves as a dielectric. Instead, 
the carrier film is applied to the top of adhesive layer 
22 to accommodate a construction wherein a transfer 
to the underside of an adhesive label could be made 
allowing for the adhesive layer 22 to be situated prox- 
imate to the adhesive on the label stock. In addition, 
the antenna circuit could also be constructed on the 
label stock itself. 

The resonant tag label 10 described heretofore 
may subjected to plasma depositions of glass such 
that the conductive patterns and dielectric coating 
are enveloped by a glass layer in order to improve the 
dielectric strength and/or the overall environmental 
resistance of the label. 

In these situations, the glass coatings can be ap- 
plied on top of the breakcoat so as to be under the first 
conductive pattern and on top of the second conduc- 
tive pattern prior to the application of the adhesive 
layer 22. The glass coatings can be in the range of 60 
to 5OOOA. 

In operation, the resonant tag label 10 is bonded 
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to a desired substrate with the adhesive system 22. 
Thereafter, the carrier film 12 and breakcoat 13 are 
removed from the label structure. The adhesive sys- 
tem 22 preferably has a peel strength greater than 
that required to separate the carrier film from the first 5 
antenna pattern. Accordingly, the resonant tag label 
10 as used on a substrate does not include a film as 
a part of the label structure. Instead, it is a combina- 
tion of thin conductive and dielectric coatings as de- 
scribed heretofore. The only part the carrier film has io 
in the label structure is to provide the initial support 
for the label components prior to application of the 
label to a selected substrate. 

The total thickness of the resonant tag label In 
use is a fraction of that found in conventional resonant 15 
tag labels. The present invention is preferably of a 
thickness between .05 mil (1.0 x 10^ inches) to 1.2 
mils (1 .2 X 10_3 inches), excluding adhesive, which al- 
lows the label to be readily applied to various types 
of substrates. Thus, the label can also be more easily 20 
hidden behind other graphic type labels. Further- 
more, the thin, frangible nature of the resonant tag 
label of the present invention achieves a tamper evi- 
dent and non-transferable label. One of the advantag- 
es of using the above described thin layer construe- 25 
tion is that each layer can be precisely registered to 
each other and to specific positions on the film, thus 
allowing for the spacing needed for subsequent, or 
prior, layers in the label structure. 

An additional alternative embodiment of the pres- 
ent invention includes the use of the carrier film 12 as 
a permanent part of the resonant tag label 1 0 con- 
struction. In order to accomplish this, the surface 14 
or the optional breakcoat is substituted with an adhe- 
sion coat or other surface treatment or preparation. ^5 
In this construction, the outside surface of the carrier 
film 12 may be utilized as a label face to receive indi- 
cia, and to further serve to disguise the underlying cir- 
cuitry. 

Another alternative embodiment of the resonant 
tag label 40 is illustrated in Fig. 5, wherein a first an- 
tenna pattern 46 which is applied to the surface 44 of 
a carrier film 42. It will be appreciated that the base 
layer may include a dielectric coating by itself or in 
conjunction with the carrier film. Subsequent layers ^5 
including a first dielectric coating 48 with through- 
hole 49 and a conductive plate 50 are applied to the 
first antenna pattern 48 to fonm a first tuned antenna 
circuit 52 with a first predetermined frequency. There- 
after, consecutive layers of a second dielectric coat- 50 
ing 54 with through-hole 55 and a second antenna 
pattern 56 are applied onto the conductive plate 50 to 
form a second tuned antenna circuit 58 with a second 
predetermined frequency. 

Accordingly, the resonant tag label 40 is opera- 55 
tional with respect to two different frequencies. As a 
further aspect of this embodiment, additional alter- 



nate layers of conductive plates and antenna patterns 
with a dielectric coating therebetween may be ap- 
plied to the label structure, thus rendering the reso- 
nant tag label operational with respect to a plurality of 
frequencies. It will be appreciated that the tuned fre- 
quencies may be altered by varying the size and/or 
thickness of any one of the conductive patterns or di- 
electric layers. 

With reference to Fig. 6, a further embodiment of 
the resonant tag label 60 is shown. The label 60 is 
constructed in a planar manner, for example in a row 
as illustrated, to Include adjacently disposed tuned 
antenna circuits 62a, 62b, through 62n. Each of the 
antenna circuits is produced in accordance with the 
label construction description with reference to Fig. 1 . 
The planar construction of label 60 provides a less ex- 
pensive process for producing a resonant tag label 
which is responsive to a plurality of frequencies as in 
the stacked construction of label 40 illustrated in Fig. 
5. Alternatively, the adjacently configured construc- 
tion or the stacked construction can operate to be 
stimulated by a single frequency and transmit a plur- 
ality of possibly differing frequencies. 

Both the tag resonant labels 40 and 60 have op- 
erational applications in identification and surveil- 
lance systems. For example, a resonant tag label can 
be constructed with ten different frequency tuned an- 
tennas for exposure to a multiple frequency genera- 
tion source, ideally having ten frequencies corre- 
sponding to each of the ten antennas. In operation, 
predetermined ones of the antennas are selectively 
deactivated either during construction (e.g., selective 
demetallization, etc.) or prior to application (e.g., de- 
structive frequency field, mechanical interference, 
etc.). 

For a resonant tag label with ten antenna circuits, 
there are 1023 discrete combinations of tuned anten- 
na responses when ignoring the combination where 
all of the circuits are deactivated yielding no re- 
sponse. Accordingly, for N antenna circuits, there are 
2n-1 discrete operational responses. The operation of 
this type of label structure is suitable, for example, in 
sorting processes in which the object carrying the lab- 
el is randomly oriented. Unlike bar codes (UPC), the 
resonant tag labels in accordance with the present in- 
vention operate to provide frequency responses inde- 
pendent of orientation. 

With reference now to Fig. 7, another alternative 
embodiment of a thin transferrable resonant tag label 
70 in accordance with the present invention is shown. 
The resonant tag label 70 includes a carrier film 71 
with a patterned breakcoating 72 applied to one sur- 
face thereof. A first electrically conductive layer 73 is 
then applied over the entire surface of the film 71 and 
the breakcoat pattern 72. The conductive layer 73, for 
example, is formed from any conventional coating 
technique as described heretofore. A dielectric coat- 
ing 74 is thereafter applied to the conductive layer 73, 
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in a manner such that a gap or hole 75 is registered 
to a predetermined portion of the conductive layer 73. 
A second electrically conductive layer 76 is applied 
over the entire dielectric coating including the area 
registered with the hole 75. Accordingly, the hole ac- 
commodates contact between the first and second 
electrically conductive layers, thus forming the con- 
figuration of the resonant circuit. Finally, an adhesive 
layer 77 is applied to overlie the second conductive 
layer 76. 

The adhesive layer alternatively may be applied 
in a registered manner so as to only overlie those por- 
tions of the label 70 constructed on top of the pat- 
terned breakcoating 72. In either construction, the 
circuitry of the resonant tag label 70 is formed by af- 
fixing the adhesive layer 77 to the desired receiving 
surface and thereafter removing the canrier film. 
Those areas overlying the patterned breakcoating 
will be the only areas which transfer to the receiving 
surface due to the. fact that in the preferred embodi- 
ment, the adhesive has a peel strength greater than 
that required to separate the carrier film from the re- 
mainder of the construction. The remaining layer por- 
tions are ripped away from the receiving surface as 
they are not released from the carrier film 71. 

Accordingly, the resonant tag label 70 is of a fran- 
gible construction and includes at least two conduc- 
tive layers which are configured to define an electri- 
cal circuit. The label is transferrable from the carrier 
film onto a receiving surface and is otherwise insep- 
arat?le from the carrier film without attendant disrup- 
tion of the resonant tag circuit. 

Figs. 8 and 9 respectively show additional alter- 
native embodiments of resonant tag labels 80 and 90 
in accordance with the present invention. Resonant 
tag label 80 includes a carrier film 81 having at least 
one releasable surface 82 on which is applied a con- 
tinuous electrically conductive layer 83. The conduc- 
tive layer S3 is selectively demetallized to leave gaps 
84 so as to provide the resonant circuit configuration. 
It will be appreciated that the patterned conductive 
layer 83 may also be provided through patterned met- 
allization coating of the releasable surface 82, or 
other conventional metallization patterning techni- 
ques such as etching of a metallic foil. etc. Thereafter, 
a dielectric coating 85 is applied in registered fashion 
so as to overlie only the patterned conductive layer 
83. The dielectric coating 85 is also registered to in- 
clude holes 86 to allow for the fomriation of the circui- 
try. 

Thereafter, a second continuous electrically con- 
ductive layer 87 is applied to the structure and over- 
laps all surfaces including a connection to the first 
conductive layer 83 through the hole 86. Finally, a 
patterned adhesive layer 88 is applied in a registered 
manner to those areas which will be transferred to the 
desired receiving surface. Once again, only those lay- 
ers underlying the adhesive pattern will be transfer- 



red to the receiving surface, thus forming the circuitry 
of the resonant tag label. 

Fig. 9 shows a similar configuration of the reso- 
nant tag label 90 having a carrier film 91 with a re- 
5 lease surface 92 on which is initially applied a first 
conductive pattern 93. A patterned dielectric coating 
94 is applied to the conductive pattern 93 with regis- 
tered holes 95. Thereafter, a second registered con- 
ductive pattern 96 is applied to overlie the dielectric 
10 coating. A connection between the first and second 
conductive patterns occurs via the registered hole 95. 
Finally, a continuous adhesive layer 97 is applied to 
overlie the entire surface of the label construction. 
Fig. 10 shows a resonant tag label 100 as a fur- 
15 ther alternative embodiment of the present invention. 
The resonant tag label 100 includes a carrier film 101 
having a release surface 102 on which is applied a 
continuous adhesive layer 103. The adhesive layer is 
preferably of the pressure-sensitive type. A first elec- 

20 trically conductive pattern 104 is applied to the adhe- 
sive with either a conventional registration technique 
or demetallization of a continuous coating. A dielec- 
tric layer 105 is applied to overlie the adhesive layer 
and the conductive pattern 1 02, and includes regis- 

25 tered holes 1 06 for accommodating electrical connec- 
tion to subsequent conductive layers. Thereafter, a 
continuous second electrically conductive layer 107 
is applied to the structure, a portion of which contacts 
the conductive pattern 104 through the registered 

30 hole 1 06 in the dielectric layer. An optional second ad- 
hesive layer 108 can be applied to overlie the entire 
label structure. The resonant tag label 100 is espe- 
cially useful for applications in which the receiving 
surface includes its own adhesive coating, for exam- 

35 pie, the back of a previously coated pressure-sensi- 
tive label. In this configuration, the adhesive on the 
back of the substrate label acts as the bonding force 
to remove the circuit structure of the resonant tag lab- 
el lOOfromlhecarrierfilm 101. The resulting transfer 

40 of the resonant tag label will allow for the adhesive 
layer 103 to face in the same direction as the adhe- 
sive on the substrate label. Accordingly, this structure 
accommodates a more complete adhesive coverage 
to the back of the label, and for subsequent applica- 

45 tion of both the substrate label and the resonant tag 
label to a secondary receiving surface. 

The utilization of the optional second adhesive 
layer 1 08 in the construction of the resonant tag label 
100 is useful for application to a receiving surface 

50 which does not include an adhesive coating, yet sub- 
sequent to the transfer of the label 100, the adhesive 
layer 103 will be exposed for future bonding to any 
desired secondary receiving surface. In addition, de- 
pending on the severity of the environment of appli- 

55 cation, further dielectric coatings may be necessary 
to overlie the second conductive layer 107 or be- 
tween the adhesive layer 102 and the remaining cir- 
cuitry construction so as to add additional structural 
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integrity, and/or protection against tlie harsh environ- 
ment (thermal, shock, humidity, chemical, etc.). 

Fig. 11 shows a further alternative embodiment 
of a resonant tag label 110 in accordance with the 
present invention. The resonant tag label 110 In- 
cludes a carrierf ilm 111 with a continuous breakcoat- 
ing 112 applied to one surface thereof. A continuous 
first electrically conductive layer 113 is applied to the 
breakcoating 112 either by selective metallization or 
application of a conductive ink. A dielectric layer 114 
is applied to the conductive layer 11 3 with a registered 
hole 115, A continuous second electrically conductive 
layer 116 Is then applied to the dielectric layer, and 
contacts the first conductive layer 113 through the 
registered hole 115. Thereafter, a selected adhesive 
pattern 117 is applied to the second conductive layer. 

During application of the resonant tag label 110, 
the breakcoating 112 will release from the earner film 
111 in a pattern determined by the adhesive. Accord- 
ingly, only those layers underlying the adhesive are 
transferred to the desired receiving surface. 

While heretofore the present invention has been 
described as a multi-layered structure forming a res- 
onant tag circuit, it will be appreciated by those of skill 
in the art that the same construction technique can be 
used to form single layered resonant tags or either 
single or multi-layered circuits other than inductive 
capacitance resonating circuits. For example, the 
construction can include a single conductive layer 
which forms either resistance or capacitive properties 
used for applications in addition to that of a resonant 
tag system. The fabrication techniques described 
herein provide thin transferable circuit systems which 
can be used in almost any circuit configuration. 

Figs. 12A and 12s show an exemplary embodi- 
ment of a thin transferrable circuit system 120. As 
shown in Fig. 12A, the circuit system 120 includes a 
carrier film 1 21 , with a release surface or breakcoat- 
ing 122. As shown in Fig. 12B, a conductive pattern 
1 23 forming a desired circuit is applied to the release 
surface 1 22. A dielectric layer 126 is applied in a reg- 
istered manner so as to allow holes 127 which serve 
to expose a portion of the conductive pattern which 
are used as circuit contact points 124. Alternatively, 
an adhesive layer could replace the dielectric layer 
1 26 in the construction. 

Accordingly, the circuit system 120 is of a frangi- 
ble construction and includes one conductive layer 
which is configured to define an electrical circuit The 
label is transferrable from the canrier film onto a re- 
ceiving surface and Is otherwise inseparable from the 
carrier film without attendant disruption of the reso- 
nant tag circuit The advantages of such a circuit sys- 
tem include simplistic construction which includes 
only a single conductive layer or pattern, and a ready 
to transfer conductive structure which is readily reg- 
istered to a specific location in an overall circuit de- 
sign. More complex systems can be designed with 



multiple layers, each incorporating selective capaci- 
tance, resistance, or other such circuit elements 
through stacking of layer levels as previously descri- 
bed. The foregoing description has been set forth to 

5 illustrate the invention and is not intended to be lim- 
ited. Since modifications of the described embodi- 
ments Incorporating the spirit and substance of the in- 
vention may occur to persons skilled in the art, the 
scope of the invention should be limited solely with 

10 reference to the appended claims and the equiva- 
lents thereof. 
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1. A frangible label having a plurality of integrally 
joined layers deposited successively on a remov- 
able carrier film, comprising: first and second 
electrically conductive layers forming an electri- 

20 cal circuit; a dielectric layer disposed between 
said first and second electrically conductive lay- 
ers; and an adhesive layer for applying said label 
to a receiving surface, wherein said plurality of In- 
tegrally joined layers including said electrical cir- 

25 cult are transferable to said receiving surface and 

are otherwise inseparable from said carrier film 
without destruction of said electrical circuit. 

2. The label of claim 1 , wherein said adhesive layer 
30 is disposed as the first deposited layer so as to 

be positioned between said carrier film and the 
remaining plurality of layers. 

3. The label of claim 2. wherein said plurality of lay- 
35 ers are adapted for application to an adhesive 

surface of said receiving surface. 

4. The label of claim 3, wherein the last of said plur- 
ality of layers is arranged for contacting said ad- 

40 hesive surface. 

5. The label of claim 4, wherein said last of said plur- 
ality of layers comprises a second adhesive layer. 

45 6. The label of claim 1 , wherein said adhesive layer 
is arranged as the last of said plurality of layers 
for direct application to said receiving surface. 

7. The label of claim 1 , wherein said electrical circuit 
50 comprises a frequency tuned antenna circuit 

8. The label of daim 1, wherein said first and sec- 
ond electrically conductive layers comprise pre- 
determined circuit patterns. 

55 

9. The label of claim 8. wherein said predetermined 
circuit patterns are formed during the deposition 
of said plurality of layers. 
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10. The label of claim 8, wherein said predetermined 
circuit patterns are fonmed during removal of said 
carrier film subsequent to application of said plur- 
ality of layers to said receiving surface. 

5 

11. The label of claim 10, wherein said plurality of lay- 
ers further comprises a predetermined breakcoat 
pattern as the first layer disposed between said 
carrier film and the remaining plurality of layers. 

and wherein said adhesive layer is bondable to io 
said substrate and has a peel strength greater 
than that required to separate said carrier film 
from the breakcoat pattern such that upon bond- 
ing said adhesive layer to said receiving surface 
only those portions of said plurality of layers is 
overlying said breakcoat pattern remain attach- 
ed to said receiving surface after removal of said 
carrier film. 

12. Thelabelof claim 10, wherein said adhesive layer 20 
comprises a predetermined pattern of adhesive, 

said adhesive being bondable to said receiving 
surface and having a peel strength greater than 
that required to separate said carrier film from 
said plurality of layers such that upon bonding 25 
said predetermined pattern of adhesive to said 
receiving surface only those portions of said plur- 
ality of layers underlying said predetermined pat- 
tern of adhesive remain attached to said receiv- 
ing surface after removal of said carrier film. 30 

13. Afranglble label comprising a plurality of integral- 
ly joined layers deposited successively on a re- 
movable earner film, at least one of said layers 
being electrically conductive, configured to de- 35 
fine an electrical circuit, said label being transfer- 
able from said carrier film onto a receiving sur- 
face and being otherwise inseparable from said 
carrier film without attendant disruption of said 
circuit. 40 

1 4. The label of claim 1 3, wherein said plurality of in- 
tegrally joined layers further comprises a layer of 
adhesive for applying said label to a receiving 
surface. 45 

1 5. The label of daim 1 4, wherein said adhesive layer 
Is disposed between said carrier film and the re- 
maining plurality of integrally joined layers. 

50 

1 6. The label of claim 1 5, wherein said plurality of in- 
tegrally joined layers are adapted for application 
to an adhesive surface of another label structure. 

17. Thelabelof claim 16, wherein the last of said sue- 55 
cessively deposited layers is arranged for con- 
tacting said adhesive surface. 



18. The label of daim 17, wherein said last of said 
successively deposited layers comprises a sec- 
ond adhesive layer. 

19. The label of claim 14, wherein said layer of adhe- 
sive is arranged as the last of said successively 
deposited layers. 

20. The label of daim 13, wherein said at least one 
electrically conductive layer comprises a prede- 
termined circuit pattern. 

21. The label of claim 20, wherein said predeter- 
mined circuit pattern comprises a frequency 
tuned antenna circuit 

22. The label of claim 20, wherein said predeter- 
mined circuit pattern is formed during the depos- 
ition" of said plurality of integrally joined layers. 

23. The label of claim 22, wherein said predeter- 
mined circuit pattern is formed during removal of 
said carrier film. 

24. A method of producing a resonant tag label, said 
method comprising the steps of: 

(a) applying a first electrically conductive pat- 
tern to a first dielectric layer; 

(b) adhering a dielectric coating to at least 
said first electrically conductive pattern; 

(c) adhering a second electrically conductive 
pattern to said dielectric coating, said first 
and second electrically conductive patterns 
forming a first frequency tuned antenna cir- 
cuit; and 

(d) applying a second dielectric layer to at 
least said second electrically conductive pat- 
tern, wherein the total thickness of said reso- 
nant tag label is in the range of .05 to 1 .2 mils. 

25. The method of claim 24, wherein said first dielec- 
tric layer comprises a dielectric coating. 

26. The method of claim 24. wherein said first dielec- 
tric layer comprises a separable carrier film. 

27. The method of claim 26. wherein said second di- 
electric layer comprises an adhesive layer being 
bondable to a substrate and having a peel 
strength greater than that required to separate 
said carrier film from the rest of the label struc- 
ture. 

28. The method of claim 24 further comprising the 
steps of: 

applying an adhesive layer to said second dielec- 
tric layer; and 

applying a carrier film to said adhesive layer. 



8 



15 



EP 0 670 563 A1 



16 



29. The method of claim 24 further comprising the 
step of adhering a third electrically conductive 
pattern to said second dielectric layer, said sec- 
ond and third electrically conductive patterns 
forming a second frequency tuned antenna cir- 
cuit. 

30, The method of claim 24 further comprising the 
steps of alternately adhering additional electrical- 
ly conductive patterns and dielectric coatings, re- 
spectively, to said second dielectric layer in a 
stacked construction so as to form a plurality of 
additional frequency tuned antenna circuits. 

31. The method of claim 24 further comprising the 
steps of repeating said steps (b) through (d) on 
portions of said first dielectric layer proximate to 
said first frequency tuned antenna circuit in a pla- 
nar construction so as to form additional frequen- 
cy tuned antenna circuits. 

32, The method of claim 24 further comprising the 
step of defining a gap in said dielectric coating so 
as to allow a direct contact between said first and 
second antenna patterns. 

33, The method of claim 24, wherein said steps of ad- 
hering said first and second antenna patterns 
further comprise registered metal deposition of 
said patterns. 

34, The method of claim 24, wherein said steps of ad- 
hering said first and second antenna patterns 
further comprise metal deposition and a subse- 
quent demetallization of predetermined portions 
of deposited metal so as to obtain said patterns. 

35. The method of claim 24, wherein said first anten- 
na pattern comprises an electrically conductive 
plate. 

36. The method of claim 35, wherein said second an- 
tenna pattern comprises a tuned frequency an- 
tenna. 

37. The method of claim 24. wherein said first anten- 
na pattern comprises a pair of electrically con- 
ductive plates. 

38, The method of claim 37. wherein said second an- 
tenna pattern comprises a tuned frequency an- 
tenna. 

39. The method of claim 38, wherein said first and 
second antenna patterns are inductively coupled 
to one another. 

40, The method of claim 24 further comprising the 



step of utilizing said carrier film as an indicia re- 
ceiving portion of said label. 

41, The method of claim 24 further comprising the 
5 step of providing plasma depositions of glass to 

envelop said first and second antenna patterns. 
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